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VEHICLE TRACKING SYSTEM USING 
CEI&lJUdR NETW08J& 

FIELD OF THE JHVEMI10N 

This Invention relates to vehicle tracidng system btit 5 
more particularly. to a vehicle tracking system which mate 
use of the existing cdluiar network infrastructure, 

BACKGi^UND OF THE JNVHKODK 

10 

Various systems have been suggested to date to enable the 
loaning m& tracking of stolea or missing vehicles, These 
systems aars generally categorized m two groups, namely 
those which make use of existing police radio communica- 
tion isfrasmicftues md those which make use of existing 
cellule: network infmstmcfures, 1 

VS. Fat Nos. 481S J98 aitd4.908.629 which both issued 
to Apsell et al are directed to the former. That is. ApseH et 
al teach the use of an apparatus and method for tracking 
vehkrlcss equipped with coiiEipiiter-regisifered transponders 
which may be located or tracked by appropriately equipped 
police direction-finding vehicles* The police tracking the 
stolen vehicles home m on periodic transponder reply radio 
tosxnissions which are activated by command activation 
signals ^ 

Hie pcobkm associated with such systems, is that special 
police radio i restructures arc required in order to track and 
locate the stolen vettkte, Jm addition, unless tiie police 
vehick is located in the same general area a& fte stolen 
vehicle, it is unlikely that the stolen vehicle can be located ^ 
ia view of the limited range of transmission between the 
stolen vehicle and police vehicle as well as any broadcast 
towers used with this invention. Also, once a car is removed 
tan a tfity provided mih this infrastructure, it will likely 
never he found since the system operates solely in a city 35 
having the specified system 

Because of their wide service area, cellular networks ofer 
advantages over the aforementioned tracking systems. A 
vehicle tracking system making use of a cellular network is 
disclosed £a U.S. Fat No. 5299*132. Is this system, a 40 
cellular telephone in a vehicle is interrogated to obtain 
location information received by the ceMar phone in an 
overhead message stream transmitted from the cellular net- 
work Once a reply to the interrogation is received at the host 
controller, the location of the vehicle is displayed. A micro- 45 
processor at the cellular phone checks the serial identifica- 
tion number and a database for dial-out procedure to the host 
controller upon being interrogated to obtain location iafor- 
roation, 

Yet another system for tracking vehicles which makes use m 
of a cellular network U disclosed in U.S. Fat, No. 5.208,756, 
With this system, a small hidden device located in the 
vehicle is activated through 0TMF signals transmitted from 
any telephone station. Upon activation, the device deter- 
mines the power at which normally transmitted control 55 
channels are received from several base stations of the 
network. Based upon these determinations* the device then 
calculates the distance between &e vehick and each of the 
base stations and using triangwlatton or arcaiaiion, deter- 
mines the location of the vehicle. The Location information so 
is then transmitted through a voice synthesizer back to the 
telephone station from which the activation signal is 
received* The location information is also transmitted digi- 
tally to a central station where the position of the vehicle is 
displayed on a computer screen along with a graphical 65 
representation of a map of the region served by the cellular 
telephone netaoffc* 
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US, Pat, No. 5.218367 makes use of the eelhikr network 
by sending an emergency message transmission to a remote 
monitoring station la the epettt & thdl semrar is ae££v&ed on 
She Schick. Hie monitoring system then detects the cell site 

5 identification codes from adjacent cellular transmitter and 
provides a message including the vehicle identification* eel 
site identification and signal ItSSi A t^pnter located si a 
cartel station then provides & determination of the location 
of the stolen vehicle based on the Mormalion reived. 

io u.S, Fat No*. 5.{ftS£51 siid 4JHU550 make use of the 
cellular network in a similar faslilon, That is, the stolen 
vehicle sends an identification code and RSSI level to the 
closest ceil site* The active cell site which reives Use 
information reports the theft to the edMar MTSO and the 
MTSO transmits fte Mormatiom to an alarm station which 
identities the vehicle and cell site, 

A problem associated with the ato^eotoed systems fa 
that im hh>s£ In&taaces* cell sites located in metropolitan areas 
i^ake use of low-powered 120 s directional antennae to cover 

m a densely populated and developed area which may have a 
large number of buMap* highways* side sireets. parking 
lots, garages and other facilities where the thief may be able 
to hide to vehicle, Htus, although the ^mm»^3^ 
systems imy be able to locate the general location of the 

23 vehicle with respect to a cell site antenna, the probability of 
locating the vehicle in short order is still fairly small and 
mostly based on luck Furthermore, cell fftc& located in 
urban areas cover very large sreas with high-powered, 
omnidirectional antennas, niaidng location finding even 

30 more difficult since the antennas are ofnMdirectioiiai as 
opposed to sweated* in both eases, tHiildfttgi. imdergrowid 
parking lots, mountains and other obstacles often cause the 
towers to report false RSSI readings to the MTSCX 
Yet another problem &§sod&ted with the aforementioned 

35 systems is that most of the techniques requite m some form 
or another modification to the existing cell alar infrastructure 
software to enable a cellular service provider to track and 
monitor movement of a stolen vehicle, la most instances* 
cellular service providers are in &e irrajority reiuet&nl to 
make any modification to their software for the purpose of 
traeMiig stolen: vehicles. 

A need therefore exists for providing a vehicle tracking 
method and system using existing cellular network intra- 

45 structure which can. overeoiae th« problems «s^oa«ted with 
the prior art 

Accordingly, it is m object of the present invention to 
provide a vehicle tracking method and system which make 
use of the existing cellular network £B&asta3£ture. but 

50 wtaeia &e cellular service provider is not required to 
modify its software k order u> identify th« general location 
of & stolen vehicle. 

Another object of the present invention is to provide a 
vehicle trac&ing method and system which make use of the 

55 existing cellular network i.ntrastmcture, wherein a tracking 
vehicle making use of a radio signal direction finder is used 
to quickly obtain a more accurate indication of the location 
of the stolen vehicle can be obtained. 
Another object of the present invention is to provide a 

m vehicle tracking method and system which make use of the 
existing cellular network infrastructure, wherein a stolen 
vehicle can be tracked by k&qpmg a voice channel open 
between the cellular network and a locating cellular trans- 
ceiver installed in the stolen vehicle. 

65 Yet another object of the present invention to provide a 
vehicle tracking method and system using the celMar net- 
work inixastmcture. wherein the general location of the 
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state vu&icle cm be determined by paging a cellular 
tmasceiver located in the stolen vehicle lo pornsk iden&i- * 
cation fey S&& MTSO of one or mote call sites lotalsd n« 
the stolen vehicle m& relaying the intanatkm to a tracMng 
vetrictewtikhjii&touseof ^ 5 
mi aasmatfc bearing cm the lo&&km of the stolen vehicle. 

Yd gasfe object of the present invention to provide a 
vehicle tracking method and system which make use of the 
ousting cellular setwcirk infrastrucmre, wherein the celulir 
transceiver which is installed In a vehicle that rcqnte |0 
tracking* operates 0a a eoatimions standby mode for trftdc- t 
imglts general location and & turned to as active mode when 
txacHi^oftkewMdeisiii^iiW. ^ 

Yet another object of the present invention is to provide a 
mctel and system of iocadag a stolen vehicle using exists 
ktg cellular iisgrastnic&ins, wherein a tracking vehicle pro- 
vided with a radio direction finder can ds&rmute umg a 
global pctsMoBing system leeeiver its locatte with ? eipset 
to one or more cell sites identified as being dose to said 
stoto vehicle mdi thai the iraddng vehicle cast qakkty 
travel to ttse mi identified ty the selected cell sites. 20 

to aceonfance witfe at* etslK>dIiuBnt of the present 
invention, there is provided a method of locating a stolen 
vehicle provided with a iocathig cellular tn«isceiver< y&i&g 
the existing cellular network Inte^efure* coupMng the 
steps of: 25 

(a) receiving m indication thai said vehicle has been 
stolen; 

(b) paging said locating cellular transceiver; 

(c) maintaining m open voice channel with said locating 
cellular transceiver of said stolen vehicle; 50 

(d) estimating the coordinate of the vehicle location 
based 011 the location of a c^U site conmiumcaUQg with said 
locating cellular transceiver; 

(e) detemitifig the location <rf a search ygfaicfe with 
respect fo said one or more cell sifts; 35 

(I) monitoring said open voke channel rlrom saM search 
vehicle; and 

(g) locating said stolen vehicle based on the direction of 
arrival of f*F signals emitted by said stolen vehicle and 
lecdved at said search vehicle. 40 

In accordance wife a f urtber ernjxdimfcat of the invention, 
there & provided a system for locating & stolen Allele 
provided with a locating cellular transceiver* said system 
operating mfog the existing cellular network infeasmicUire* 
comprising: 45 

(a) means for receiving an indication that vdbidb has 
been stolen; 

(b) means for paging said locating cellular transceiver: 

(c) ceHnlar radio means for maiitakiiig an open voice 
chatu&i with said loc^ngcdhll^traas^ivo: of ^Idstokit 
yghfcte; 

(d) rneans for estimating the coordinates of tfae vehicle 
location based on the location of one or more cril site 
coiiiinyiii^tiag wfeh said locating cellular ismsceimsn 

(e) positioning means for determining the location of a 
search vehicle with respect to said one or more eel sites; 

(f) radio means for monitoring said open voice channel 
6rom said search vehicle; and 

(g) fadio location finder au^is to locatmg $aid ®dm 
veMcle Im^d on to direction of arrival of W signals 60 
emitted 1^ saM stolen vehicle and ncehwd at said search 
vehicle. 



In accordance with an embodiment of the present 

invention, there is provided a method of obtaining locating 
information concerning a locating cellular transceiver using 
the existing cellular network inf rastructure, comprising the 
steps of: 

receiving transmitted signals from the cellular 
transceiver at one or more cell sites within operational range 
of the cellular transceiver; 

establishing and maintaining an open voice channel with 
the locating cellular transceiver; 

determining a cell site sector within the network in 
which the cellular transceiver is located based on the 
location of the one or more cell sites communicating with the 
locating cellular transceiver; 

determining a general geographical location of a search 
vehicle with respect to the one or more cell sites; 

moving the search vehicle to the cell site sector of the 
cellular transceiver and monitoring the open voice channel 
from the search vehicle; and 

obtaining a direction in which the cellular transceiver 
is located with respect to the search vehicle based on the 
direction of arrival of RF signals emitted by the cellular 
transceiver and received at the search vehicle. 

Preferably, the method further comprises the step of 

querying the cellular network for the general location of the 
transceiver based on the last known location of the 
transceiver in the cellular network. 

Preferably, the step of querying comprises 
determining the Electronic Serial Number (ESN) of the locating 
cellular transceiver associated with the stolen vehicle and 
assigning the ESN with a predetermined Number Assigned Mobile 
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(NAM) such that the locating cellular transceiver associated 
with the stolen vehicle can be paged by the existing cellular 
network . 

Preferably, the search vehicle monitors the transmit 
frequency of the open voice channel. 

Preferably, the search vehicle locates the cellular 
transceiver using a radio frequency direction finder tuned to 
the transmit frequency of the open voice channel. 

Preferably, the locating cellular transceiver is on 
a full-time standby mode until an indication that the 
transceiver needs to be located. 

Preferably, the locating cellular transceiver is 
switched to an active mode to open the voice channel until the 
transceiver is located. 

Preferably, the location of the search vehicle with 
respect to the one or more cell sites is determined by 
downloading the longitude and latitude coordinates of one of 
the sites into a GPS receiver mounted on the search vehicle. 

Preferably, the method further comprises a step of 
paging the locating cellular transceiver. 

Preferably, the method further comprises a step of 
conceilingly mounting the transceiver within a vehicle to be 
located if stolen, wherein the method serves to locate a 
stolen vehicle. 

Preferably, the transceiver comprises a rechargeable 
battery supply and is connected to a battery power supply of 
an engine of the stolen vehicle. 

According to another broad aspect of the present 
invention, there is provided a method of obtaining locating 
information concerning a locating cellular transceiver using 
the existing cellular network infrastructure, the 



infrastructure receiving transmitted signals from the cellular 



transceiver 


at one or more cell sites within operational range 


of the cellular transceiver, establishing and maintaining an 


open voice 


channel with the locating cellular transceiver, 


determining 


a cell site sector within the network in which the 


transceiver 


is located based on the location of the one or 


more cell 


sites communicating with the locating cellular 


transceiver 


. The method comprises the steps of: 



placing a request with the existing cellular network 
infrastructure to determine the cell site sector for the 
cellular transceiver and to maintain the open voice channel 
and obtaining in response to the request an identification of 
the cell site sector; 



determining a general geographical location of a search 
vehicle with respect to the one or more cell sites; 

moving the search vehicle to the cell site sector of the 
transceiver and monitoring the open voice channel from the 
search vehicle; and 

obtaining a direction in which the transceiver is located 
with respect to the search vehicle based on the direction of 
arrival of RF signals emitted by the cellular transceiver and 
received at the search vehicle. 

Preferably, obtaining the direction of the 
transceiver comprises using a radio frequency direction finder 
tuned to a transmit frequency of the open voice channel. 
Preferably, the location of the search vehicle with respect to 
the one or more cell sites is determined by downloading the 
longitude and latitude coordinates of one of the sites into a 
GPS receiver mounted on the search vehicle. 
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mMP DESCRIPTION OF THE DRA^IGS 
Tlie invention will be better understood by m examina- 65 
tion of the fallowing description* together with the accom- 
panying drawings, in which: 



Fig. la illustrates a typical cluster of cells in a cellular 
commymcation system; 

Hg. illustrates gettera% how a vehicle h monitored 
within fee ceMar communication system of Hg. 1# 
5 BG« 2& Is an IDti stration of & typksal setting of 2 cell sits 
with 120* seoodzato* is a ii^opotitait area; 

FIG. 2& is an illustration of a typical setting of a cell site 
with an ommdtetional antenna Ib m urban area; 
10 TO. 3a is a block diagram of the locating cellular 
transceiver of the present Invention; 

FIG, 3& Is aa illustration of the vehicle tracking system of 
the present invention; 

HO, 3c is a diagram illustrating how a stoles vehicle can 
*5 betme&ed with the syslem of 

FIG. 4a is a Mock diagram of the vehicle tracking 
equipment provided on a *«areb vdiide: and 

HG. 4&isa diagram illustrating the location of direction 
Mding.GPSafidtraiJS^iv^ anfesmiaetisedwilh the system 
ofFK&4* 

DEStWOON OF THE mER^TO 
EMBO0IMHHTS 

25 Referring now to HG. 1. we have shown a typical eel 
cluster 1# forming part of a larger cellular network (not 
shows). This particular cluster is comiBonly known as a 
7-^Mpatlmt.mtibOTtJb€&e 120° sepaeiitea^^Mj. 2a)m 
tiered omnidirectional cells (FIG. 26) are u$e& III tie 

3P example of Fig, 1*1* a mobile station 11 is being served by 
bass station IZ of cell IS. Base stations 14 and 15 of cells 
16 and 17 selectively, are also within radio range of mobile 
station 1L As shown in Fig, ll>, as the mobile 11 travels, a 
revest for signal strength HUHunvmaxts will bs seat by the 

If the strongest received signal strength indication (KSSI) Is 
received from a ndghbouring bases station, such as base 
station 14 the serving base station 12 will select the &ei$i- 
bouriag tee station as the hand*off target base station* 
^ the next base station to serve the mobile base station. The 
cellular service of vehicle II, as it moves from cell site to 
cell site, is of course controlled by a mobile telephone 
switching office IS to provide the best service for the cellular 
user* 

45 When a celliikr transceiver is used for tradfeiag a stolen 
vehicle in a metropolitan area, such as shown in HG* 2c, a 
densely populated and developed area covering several 
streets and buildings h servi ced fc^ &e coverage area of ead* 
sector of a cell site 2$ communicating with a stolen vehicle 

50 2h Although a general estate of the location of stolen 
vehicle £1 can be determined, up. within a 120* area of a 
celMar cluster such 3$ shown in FIG. 2a. it becomes 
extremely di&cult to pinpoint the exact location of vefcMe 
21 which may be located in any one of tne streets or within 

55 a bidding within the vicinity of the cell site 2£& Thus, even 
tljoygh vehicle 21 might be in communication range with 
esli site 2k the radio coverage of ceil site 2# may cover 
several blocks within a metropolitan area, Thus, even if a 
tracking or search vehicle sticb a* a police car or other 

60 private security $a*vice company Is able to locate the stolen 
vehJ de 21 generally within the coverage area of one &ector 
of cell site 20. it may be difficult or even impossible to 
exactly pinpoint the location of the stolen vehicle, especially 
if the vehicle is located within a closed garage for disss- 

65 semWy 

Referring now to FIG. 3a. we have shown a block 
diagram of a locating cellular transceiver for installation in 
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a vehicle. The transceiver 3# should preferably foe installed 
in a hidden location to prevent the unit torn being readily 
noticed and removed by a potential thief. Aatensa 31 need 
not be connected to the standard 3 dB whip-type antenna 
normally mooted on a window the vehicle. In particular. s 
antenna 31 is adapted to be inconspicuously kid out inside 
(fee vehicle. The cellular transceiver 30 is connected directly 
to a constant 12 volt power source, such as the car battery 
and may be provided with a back-up battery 32 to preveat 
the traBSceiver 30 from being disabled if the cables to the car |Q 
battery are disconnected, The cellular teM*sceiver 30 b 
designed to operate full-time in a standby mode. The cellular 
transceiver 3* k designed to draw a imniimim amount of 
current sucft that it can be maintained 10 a standfey mode 
continuously otice installed. Similarly, even in an active i5 
mode, when the transceiver Is required to operate at higher 
transmit power vary little current will, be drawn from the car 
battery. The cellular transceiver 3# is designed to operate io 
tlie same way u 3 standard telephone transceiver in that it 
will respond to queries from the cellular network at periodic m 
intervals to provide the network with an indication of its 
operating status, The cellular trmsceiw 30 will msposd to 
standard commands and queries from the network such as 
when the 8SSI level with respect to a particular cell site is 
required It can also receive commands from the cellular ^ 
network if the transceiver transmit power level needs to be 
changed sfcch as when the cellular transceiver is paged, The 
power level can vary from a minimum of 02 watts to a 
maximum of 0.6 watts such as 1$ currently used in standard 
cellular telephones. The locating cellular feansedvear 3# is ^ 
provided with standard components* such as power supply 
33. memory and processor circuit 34. RF circuit 35 and. if 
required, an optional 10 circuit 36. Optional 10 circuit M 
can be provided to conned a variety of sensors 37 to detect 
that m alarm has been triggered on the vehicle or that die 35 
ignition 38 has been activated by an unauthorized user. 
Other options, such as* remote engine kill, car starter and 
remote door locks can also be used as well. 

The optional 10 circuit 36 can also be connected to an 
audio source 3$ such, as a hidden microphone to enable the m 
security service provider to hear any conversation tfoe thief 
might be having irt the vehicle. 

Referring now to FIGS. 36 and 3c. we have shown a 
diagram illustrating the vehicle tracking system of the 
present invention. In order 10 fee provided with the vehicle 45 
tracking service of the present invention, a vehicle operator 
would first have the locating cellular transceiver illustrated 
in &j installed k the vehicle* The locating taHular 
transceiver would he provided, as any other cellular 
telephone, with an electronic sedai atimbe* <HSK> unique to m 
the transceiver* The identity of the vehicle owner or operator 
and the transceiver's Electronic Serial Number (ESN) are 
added to a customer datsl>ase of the security service pro- 
vider. The installation of the locating cellular transceiver and 
registration of the ESN would of course be done via a 55 
security service provider authorized by &e cellular service 
provider to assign new cellular accounts, such as is currently 
done with the purchase of cellular phones. 

Normally, when calls to and from a cellular transceiver 
are made, the cellular network will verify the cellular m 
transceiver's iCkugit telephone number (NAM, Number 
Assigned Mobile) and ESN (Electronic Serial Number) 
before allowing the call to go through. Each cellular tele- 
phone k provided with a tiaiipe telephone aiimbtsr (NAM) 
which corresponds to a unique ESN. &s 

With the system of the present invention, the locating 
cellular transceiver will still provide its ESN when queried 
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the netw-offc Hciwavec In order to reduce eo&ts 
as$odatedwith offering the vehicle locating service, a single 
NAM is used for all or a groiip of locating transceivers. As 
will be described further below, only the loc^g transceiver 

s having the coerce! ESN will respond to queries ftom fee 
cellular network. ewe* if each locating transceiver makes use 
of the same NAM. 

Once tie footling cellular transceiver Is installed and in 
operation, the user ^conies registered with trie security 

10 service protidez; The secta&y provider enters the locating 
transcdvgr's ESN ift a database wUh the customer's per- 
sonal Information, such as residential address. telephone 
number, vehicle descriptiofl and serial number, etc. The 
cellular transceiver which is now hidden in vehicle 40 

15 operates in a passive or standby mode within the celuiar 
network infrastructure, From time to time, at predetermined 
intervals* ttte locating cellular transceiver wsU be queried by 
the network to provide an indication of its location within 
the network. For example, in FIGS. 3fc and 3c. the locating 

20 cellular Haiisasfrer of veMc!e4#wiU be paged Iramtaae to 
time over a paging channel 4L The paging request is 
geaatted from any cm of the ceil sites A. B or C. Upon 
receiving the pag&g mjtiest, die locating cellular trans- 
ccstar swftcte over to an active msate lo transmit a sespoase 

25 to ihe nearest cell site to identify amongst other things, the 
signal guilty or RSSI level. This is?ay, te cellular smtee 
provider 42 eae keep track of various cellular telephones 
within fiie network as4 their loostioas. such that when an 
incoming call arrives. &e call cm be directed to a cell site 

30 located Rear&t to the cellular telephone use* This informa- 
tion h updated from toe to time is a database 43. The 
response may or may not be Lised by the network* according 
to the need to keep track of Individual muttejwra. 
When fee mmfty mmz provider 44 receives m iadh 

35 cation to vehicle 4# has been state, a caM is made to a 
cellule service provider to request a standard change of 
ESN* The ESN corresponding lo thai of (jhe cdMar irans- 
cerver located in &e stolen car is programmed in the 
database 4$ to match die pre-established coiainoa HAM, At 

40 this point a preiiiainary query is made to determine the 
current location of the stolen vehicle 4# within the cellular 
network. As in the prior ait a general estimate of the 
location of stolen vehicle 21 can be determined, say. within 
a 320° area of a osUuIar cluster such as shown in FIG. 2a. 

45 namely by identifying the cell site sector communieathig 
widi the transceiver, The security service provider dials fee 
pre-vdtocted telephone number, Le. common NAM 3&soci~ 
ated with locating cellular transceivers. The call is processed 
as a normal incoming eelmiar call by the network operator 

so The cellular network operator receives the dialed digits, 
checks its database for the associated ESN (now equivalent 
to ESN of stolen vehicle), then transmits, on the cellular 
network* a new paging signal containing the common NAM 
and m*fc|iie ESN of the stolen vdhkk. The only tmnse&iver 
to respond will be the one associated with the stolen vehicle 
and a voice channel illustrated by arrow 46 is opened 
between the locating cellular transceiver of vehicle m and a 
nearby cell &ite* This ^oice channel is feept open, as if a 
normal conversation was taking place. However* ihe s&cu- 

60 dry service provider is now in control of the opened voice 
channel and will keep it open until the vehicle is located- In 
this example, cell site A is currently comeonnicatiliig with the 
tiaasc^verovexvote^ service 
provider 44 forwards the identity of the stolen vehicle to a 
65 security response team located is tracking vehicle 47. The 
team i$ provided with the current location of vehicle 40 
based on the closest cell site sector where the vehicle is 
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located That information tmy either be provided by mean* 
of a building name* where the antenna cell site sector 
antenna k located, a street address, or In tfee inferred 
embodiment by means of a latitude and longitude coordi- 
safes provided by a global positioning system The GPS 5 
system is used by tedding vehicle 4f to establish its posilicm 
with lespect to the celt site sectcar that has beest ide&tfed* 

Once the identity and general Location of the stolen 
vehicle is i^cewed at the tracking vehicle 47, the cracking 
vehicle can monitor the open voice channel 46 aad travel in 1D 
the general direction i<tenlMed by ihs security service pro- 
vider. Once the tracMftg vehicle 47 readies the general 
location of the stolen vehicle, the security response team 
makes use of a radio directba finder which is tuned to the 
voice channel 4f to precisely identify the location of the |5 
stolen vehicle* Once the precise location of the stolen 
vehicle has been confirmed, the security response team can 
alert the authorities to recover the vehicle. 

The tracking vehicle 47 is provided with a cellular tele- 
phone system to communicate with the security service 20 
provider 44. The radio direction finder consists of a number 
of antennae 49 connected to radio direction fakr equipment 
to locate precisely the direction of arrival of as JRF signal 
emitted by the stolen vehicle on the voice channel 46 and 
received by cell site A as weE as tracking vehicle 47- 25 

Ite&mng now to HO. 4cr, we have shown a block 
diagram of the vehicle tracking equipment which is provided 
in the tracking vehicle and which is used by the security 
response t&m to track die precise location of the stolen 
vehicle. The equipment includes a standard cellular trans- 30 
ceiver 50 which enables the security response team to 
communicate wM* the security service proyito to coordi- 
nate the search and tracking of the stolen vehicle. As 
iadteafed above* &e vehicle ray be provided with a GPS 
antenna 51 connected to a QVS receiver 52 and comjmter 53 3$ 
to enable the operator to determine the location of the 
tracking vehicle with respect to the coordinates of die cell 
site communicating with the stolen vehicle. GPS receiver 52 
will provide a direction the tracking vehicle sbould follow in 
c^ddrtareacltfl^c^siie.11iisisaefekvedby entering &e 40 
coordinates of the cell site* The GPS receive* 52 cm &ksl 
provide an indication of the route to follow to the tracking 
vehicle which receives positioning data from & satellite via 
GPS antenna 51. 

Once the tracking vehicle is dispatched and rolling 45 
towards the cell site serving or comrmmicating with the 
cellular transceiver of the stolen vehicle, the specialized 
ceMtrbaMi^resdwSS lodes onto the forward voice 
channel 41 {the frequency used to communicate from the 
tower to the cellular transceiver) currently in use based on 50 
the combination of BSN and NAM or a specified channel 
pointed out by the operators at the MTSO. The four quarter 
wave antenna of the radio direction finder 56 can then 
determine the direction of arrival of the RF signal emitted by 
the cellular tower. This provides the recovery team with a 55 
bearing towards the cell tower A (FIG- 36) if necessary. 
Once in the vicinity* the RF receiver is set to the reverse 
voice channel (the frequency used to communicate from the 
cellular transceiver to the tower) 41* This is done by 
dropping the frequency by exactly 45 Mhz. on the tuner, The 60 
Information provided by the quarter wave antennae 57 can 
then be used at & display or monitor 58 to determine the 
exact location of the stolen vehicle. As shown in FIG, 4K the 
four quarter wave antennae are mounted at the comers of a 
square on the roof of a tracking vehicle 47. The output of 65 
each of the quarter wave antennae are fed into an antenna 
adder/coupler $9 and applied to the input of RF receiver 55. 
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